Up to 90% of neonates with congenital or perinatal cytomegalovirus (CMV) infection are asymptomatic, and little is known about CMV-associated thrombocytopenia after the neonatal period. We investigated the clinical findings of a series of infants diagnosed with CMV infection and thrombocytopenia.
Background
Up to 90% of neonates with congenital or perinatal cytomegalovirus (CMV) infection are asymptomatic, and little is known about CMV-associated thrombocytopenia after the neonatal period. We investigated the clinical findings of a series of infants diagnosed with CMV infection and thrombocytopenia.
Methods
From July 2005 to July 2008, infants aged younger than 6 months with thrombocytopenia were screened for CMV infection, using CMV IgM. Those who were positive for CMV IgM were then tested for CMV IgG via polymerase chain reaction (PCR) for CMV and CMV pp65 Ag and urine culture. Brain magnetic resonance imaging (MRI) and otologic and ophthalmologic evaluations were also performed.
INTRODUCTION
Cytomegalovirus (CMV) infection, the most common congenital infection, affects approximately 1% of all live births [1] [2] [3] . Congenital CMV infection is usually transmitted to the fetus in utero, whereas perinatal infection occurs during the intrapartum period or immediately after birth [1] . The diagnosis of congenital CMV infection is established by isolating the virus from urine, saliva, or tissue during the first 3 weeks of life [1] . Only about 1-15% of neonates with congenital CMV infection have symptoms at birth [4] ; approximately 90% of infected newborns show no overt signs of infection. Thus, congenital CMV infection is easily overlooked [1, 4] . Subsequently, 10-20% of asymptomatic newborns develop late sequelae, particularly sensorineural hearing loss (SNHL) and neurodevelopmental disorders [4, 5] .
Thrombocytopenia is an important prognostic factor in patients with CMV infection. Rivera et al. reported that CMV-induced neonatal thrombocytopenia is associated with symptoms at birth [6] . Benoist et al. demonstrated that the presence of abnormalities on prenatal ultrasound examination and thrombocytopenia appear to be strong, independent 7,600 (4,500-11,200) Hb (g/dL) PLT (/μL) 9.9 (7.8-11.2) 27,000 (2,000-45,000) 9.2 (7.5-10.6) 6,500 (2,000-105,000)
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prenatal predictors of a poor outcome [3] . Petechiae are usually, but not always, present in patients with thrombocytopenia, and platelet counts in the first few weeks of life range from 2,000 to 125,000/μL [7] . Therefore, thrombocytopenia may be overlooked in the neonatal period, and it may persist or worsen after the neonatal period. However, little data are available on the association between congenital or perinatal CMV infection and thrombocytopenia during early infancy.
Therefore, we evaluated the clinical manifestations and neurodevelopmental outcomes of CMV-induced thrombocytopenia in infants aged younger than 6 months.
MATERIALS AND METHODS

Patients
From July 2005 to July 2008, patients with thrombocytopenia who were between 1 and 6 months of age were tested for IgM for Toxoplasma, syphilis, rubella, CMV, and herpes simplex virus (TORCH). Patients who tested positive for CMV IgM were further tested for CMV IgG via a polymerase chain reaction (PCR) test for CMV and CMV pp65 Ag and urine culture. Brain magnetic resonance imaging (MRI) and otologic and ophthalmologic evaluations were also performed. Thrombocytopenia was defined as a platelet count of less than 120,000/μL. If the platelet count recovered to normal levels (＞150,000/μL) within 6 months after diagnosis, it was defined as the "acute form;" if thrombocytopenia persisted for longer than 6 months, it was defined as the "chronic form" [8] . Newborn infants with neonatal alloimmune thrombocytopenia and immune thrombocytopenic purpura (ITP) secondary to maternal ITP were excluded from this study.
Laboratory tests for CMV infection
CMV IgM and IgG in the patients' sera were detected using an enzyme immunoassay (Zeus Scientific, Branchburg, NJ, USA) and a microparticle enzyme immunoassay (AxSYM CMV IgG Assay; Abbott Laboratories, Abbott Park, IL, USA), respectively. For the CMV pp65 Ag assay, leukocytes were collected from anticoagulated blood by dextran agglutination and lysis of red blood cells. After centrifuging, 2×10
5 white blood cells were prepared on cytospin slides (Thermo Electron, Waltham, MA, USA) and fixed with formaldehyde. They were incubated with C10/C11 monoclonal antigen (Clonab CMV, Biotest, Dreieich, Germany) and stained with alkaline phosphatase/anti-alkaline phosphatase. Cells that stained red were considered to be positive for pp65 Ag, and the result was reported as the number of red-stained cells per 2×10 5 cells. For detecting CMV in urine culture, urine samples were collected from the patients and cultured, using the shell vial culture method (Chemicon, Temecula, CA, USA). Finally, EDTA-anticoagulated blood samples were used for the CMV PCR test, using an ABSOLUTE TM CMV PCR kit (BioSewoom, Seoul, South Korea) on an ABI 2720 Thermocycler (Applied Biosystems, Foster City, CA, USA).
Otologic and ophthalmologic evaluations
All patients underwent otologic and ophthalmologic tests after initial diagnosis of thrombocytopenia. The otologic evaluation included auditory brain stem evoked potentials (ABR) to detect SNHL. The ophthalmologic evaluation included a funduscopic evaluation for chorioretinitis, retinal scars, optic atrophy, and central vision loss. Patients with abnormal findings were followed at 3-month intervals.
Radiologic evaluations
All patients underwent brain MRI after the initial diagnosis of thrombocytopenia. In one patient who had been born prematurely (patient 4), the MRI findings were compared to those obtained at birth and the findings of brain ultrasonography were also considered.
RESULTS
Patients characteristics and clinical manifestations
Of the 21 patients in the study (11 boys and 10 girls), 6 (28.6%) were positive for CMV IgM (4 boys and 2 girls). The median duration of follow-up was 33 months (range, 16-51 months). All 6 patients tested positive for CMV IgG, CMV PCR, and CMV urine culture, while 4 tested positive for CMV pp65 Ag. The other tests for TORCH were all negative. The median gestational age at birth of the patients was 39 weeks and 3 days (range, 32 weeks, 3 days-40 weeks, and 5 days). All patients had birth weights appropriate for gestational age and normal head circumferences (median, 36.5 cm; range, 29-40 cm). No significant differences in gestational age or head circumference were observed between the CMV IgM-positive and CMV IgM-negative infants (median, 40 weeks and 36 cm, respectively). Except for one patient (patient 4) who was born prematurely (32 weeks (Table 3) .
Otologic and ophthalmologic involvement
Patient 1 (1/6; 16.6%) had unilateral SNHL (Fig. 1) . The remaining 5 patients had no otologic abnormalities at initial evaluation or at the 6-or 12-month follow-up evaluations. None of the 6 patients had ophthalmologic 1abnormalities. All 6 patients are still being followed regularly.
Neurological manifestations
Of the 6 patients with CMV infection-associated thrombocytopenia, 2 (33.3%) had abnormal findings on brain MRI scans. Patient 2, who had Evans syndrome, had a calcified inflammatory granuloma in the right occipital lobe and a subdural effusion in the right frontotemporal convexity, which were considered sequelae of the CMV infection (Fig.  2) . Patient 4, who was born prematurely, had a small nodular dark signal intensity lesion in the left caudothalamic notch, which was suspected to have resulted from a germinal matrix hemorrhage (Fig. 3) . The findings of MRI and brain ultrasonography at birth in patient 4 did not change later and were considered to be a germinal matrix hemorrhage in prematurity. Both patients are currently being followed regularly and have had no neurological sequelae or other symptoms or signs.
DISCUSSION
CMV is the most common cause of intrauterine infection, affecting 0.5-2.4% of live births; perinatal infection may occur from exposure to genital secretions at the time of delivery or from infected breast milk or close contact with an infected person [1, 3] . Currently, routine screening for CMV infection is not recommended in neonates because the overall risk of symptomatic CMV infection is low (0.2%) and because several limitations are imposed in screening all pregnant women: the positive predictive value is low, fetal diagnosis requires invasive amniocentesis, and the only available intervention at present is abortion [1, 5] .
Few studies have reported on cases of asymptomatic CMV infection after the neonatal period. Although 85-90% of children with congenital CMV infection are asymptomatic during the neonatal period, some may subsequently develop symptomatic disease [4] . In fact, 10-20% of children with congenital CMV, either symptomatic or asymptomatic during the neonatal period, exhibit neurological deficits when followed up, which indicates that close follow-up evaluation, particularly of any neurological deficits, is warranted [4, 9] . None of the patients in this study had apparent clinical manifestations of CMV infection at birth, but they later developed thrombocytopenia, which was the chief reason for hospital admission.
The presence of IgM at birth is highly suggestive of a congenital infection, although its absence does not rule out the possibility of congenital infection. Typically, the diagnosis of congenital CMV infection is based on testing positive for IgM at 2-3 weeks of age; however, only 70% of patients who test positive for IgM are clinically significant cases of CMV infection. Direct demonstration of the virus' presence is needed for the diagnosis in neonates [4, 10] . However, patients with primary and secondary infection continue to test positive for IgM antibody for 6-18 months; hence, the IgM antibody test is useful in infants suspected of having CMV infection [5] .
The major symptoms of CMV infection include intrauterine growth retardation, jaundice with direct hyperbilirubinemia, hepatosplenomegaly, petechiae or purpura, thrombocytopenia, and pneumonia. SNHL and ocular involvement are important late sequelae.
Petechiae are usually, but not always, accompanied by thrombocytopenia, and the platelet counts during the first few weeks of life range from 2,000 to 125,000/μL [1] . The thrombocytopenia usually resolves during the second week of life, but may persist and require treatment with repeated platelet transfusions. While several studies have reported on thrombocytopenia associated with CMV infection, the role of CMV infection in typical acute, self-limited, or persistent idiopathic immune thrombocytopenia (ITP) in children remains unclear. Several hypotheses exist to explain how CMV infection causes thrombocytopenia: direct cytotoxicity of CMV on hematopoietic cells, immune-mediated destruction of infected cells, or impaired bone marrow stromal function by CMV [11, 12] . In addition, CMV infection may induce nonspecific autoantibodies that cause antibody-mediated platelet destruction [13] . No apparent correlation exists between CMV clearance and the resolution of thrombocytopenia [11] .
Evans syndrome has rarely been described in association with CMV infection; one report described 3 of 28 pediatric patients presenting with thrombocytopenia (11%) as being positive for CMV in the urine, using the shell vial assay [11] . Of these, 2 patients were diagnosed with ITP, and 1 patient had Evans syndrome [11] . One patient in our series had Evans syndrome; he had abnormal findings on brain MRI scans but no otologic or ophthalmologic manifestations.
Except for the patient with an initial platelet count 105,000/μL, all patients with CMV-induced thrombocytopenia in this study were treated with intravenous immunoglobulin; their platelet counts normalized within 3 months of the diagnosis, which is compatible with a diagnosis of the acute form of ITP. However, reports have described infants with CMV infection who experienced disease progression to chronic ITP, even with intravenous immunoglobulin therapy [14] . Therefore, long-term follow-up of our patients is needed to completely rule out chronic disease.
In cases of SNHL, the follow-up period is extremely important. A previous study reported that only 59% of the patients with SNHL diagnosed at 72 months of age had been correctly diagnosed at 12 months [15] [16] [17] . In addition, approximately half the cases with hearing loss due to congenital CMV infection were reported to be late-onset or progressive and therefore could not be detected at birth via newborn hearing screening tests [17, 18] . In our series, 1 patient developed unilateral SNHL. This patient, who is currently 2 years old, is undergoing regular follow-up evaluation. Ocular involvement with chorioretinitis is common in patients with CMV infection, and retinal scars, optic atrophy, and central vision loss have also been described [1, 4, 15] . In this study, however, no patients had ocular involvement.
We speculate that the CMV infections in our patients were acquired as congenital infections during late pregnancy or as perinatal infections. First, the patients did not have clinical signs of infection during early pregnancy, such as intrauterine growth retardation or microcephaly; however, they had signs of late infection, such as hepatitis, petechiae, and thrombocytopenia. Second, IgM persists for a long period, and 4 of 6 patients in our series were positive for CMV PCR and CMV pp65 Ag, which indicated recently acquired infection [8, 15, 19] . CMV infection during late pregnancy has a higher rate of neonatal infection but a lower rate of symptomatic manifestation than that during early pregnancy [20] . The transplacental infection rate during the first and second trimesters is around 45%, and the rate increases to 58-78% during the third trimester. Since neuronal growth and migration is completed before 26 weeks of gestation, transplacental infection during the third trimester is less frequently associated with symptomatic neurodevelopmental manifestations as compared to earlier infections [20, 21] . If the CMV infections in our series of patients were congenital infections, recurrent infection would have been more likely than primary infection, since all the patients were asymptomatic at birth and positive for CMV IgG but had no symptoms at admission other than those related to thrombocytopenia [22] .
In conclusion, this study showed that thrombocytopenia can be the main clinical manifestation of otherwise asymptomatic CMV infection after the neonatal period. CMV infection needs to be considered in infants between 1 and 6 months old with thrombocytopenia, and close follow-up is needed to detect neurodevelopmental sequelae.
